are thermostable compounds (MARASAS; NELSON, 1987) and can cause carcinogenic, teratogenic, and mutagenic damages in animals (BUSBY; WOGAN, 1981) . They occur worldwide on a large variety of foods and feeds.
Reports of tomatoes contaminated with Aspergillus spp. (MISLIVEC et al., 1987; OLADIRAN; IWU, 1993; OBETA; UGWUANYI, 1995) , and the ability of some Aspergillus strains to produce aflatoxins in tomato products (LUCISANO; CAMPANINI; CASOLARI, 1972; MUTTI; DELLAPINA; SPOTTI, 1992; MUHAMMAD; SHEHU; AMUSA, 2004) indicate the need to verify the possible contamination of tomato products with aflatoxins.
In Brazil, the tomato production reached 3.1 million ton in 2005, and the state of São Paulo is considered the second major tomato producer in the country (672 thousand ton) (MAPA, 2007) . One third of the national tomato production is destined to the manufacture of sauces, ketchup, paste, pulp, and juices. Due to the large use of these products by the population, all health aspects, including the possible presence of mycotoxins, are of great interest as a public health issue.
The aims of the present work were 1) to optimize a method for aflatoxin determination in tomato products using thin layer chromatography due to its low cost and simplicity of use; and 2) to verify the incidence of aflatoxins in tomato products commercialized in São Paulo, Brazil.
Materials and methods

Sampling
A total of 64 tomato products (Table 1) were purchased in supermarkets between March and November 2001 in the cities of Campinas and São Paulo, São Paulo State, Brazil. The samples were maintained in at their original container (cans, glass jars, and cartons) and at the original storage conditions (room temperature) until analysis. The samples were homogenized manually before taking the portion for analysis. All the analyses were performed before the expiration date.
Determination of aflatoxins B 1 , B 2 , G 1 , and G 2 in tomato products
The aflatoxins B 1 , B 2 , G 1 , and G 2 were determined according to the method described by Soares and Rodriguez-Amaya (1989) with modifications that were introduced due to the high moisture content of the tomato products. Fifty grams of the samples were extracted with 270 ml methanol and 1.2 g KCl in a domestic blender for 5 minutes at low speed. The extract was filtered into a graduated cylinder through a qualitative filter paper and the filter residue was washed using 50 ml methanol. For the samples of dehydrated tomatoes and dried tomatoes preserved in oil, 30 ml aqueous 4% KCl solution was used instead of 1.2 g KCl and the filter residue was not washed with methanol.
The cleaning up was performed with an aliquot of 200 ml of the filtrate (150 mL for the dehydrated tomatoes and dried tomatoes preserved in oil) by the addition of 150 ml 30% (NH 4 ) 2 SO 4 solution and 50 cm 3 of Hyflo Super-Cel (Lompoc, U.S.A). After mixing with a glass stirring rod, the mixture was filtered. 150 ml were transferred to a separatory funnel and 150 ml of water were added. Two partitions with 10 ml chloroform were performed and 5 ml of each chloroform layer were combined and evaporated to dryness on water bath (60 °C) under nitrogen stream. The residue was dissolved with 200 µl benzene and sonicated for 30 seconds. The aflatoxins B 1 , B 2 , G 1 ,and G 2 standards (Sigma Chemical Co., U.S.A.) and the sample extracts were spotted conveniently on a TLC silica plate (0.25 mm, Merck, Germany). The plate was developed in a non-saturated chromatographic chamber (Desaga, Germany) with chloroform-acetone (9 + 1, v/v). The spots intensities were visually compared under ultraviolet light at 366 nm (Mineralight, UVP Inc., U.S.A.). All solvents and reagents were of analytical grade. The aflatoxin standards were prepared according to the method 970.44 of the Official Methods of Analysis, AOAC International (1998).
Analytical quality control
The recovery tests were conducted in duplicate and two addition aflatoxin levels were evaluated. Non-contamined tomato product samples were spiked with 6.8 µg/kg of aflatoxin B 1 ; 5.7 µg/kg of aflatoxin B 2 ; 8.1 µg/kg of aflatoxin G 1 , and 5.9 µg/kg of aflatoxin G 2 (addition level I); and with 16.9 µg/kg of aflatoxin B 1 ; 14.3 µg/kg of aflatoxin B 2 ; 20.3 µg/kg of aflatoxin G 1 , and 14.8 µg/kg of aflatoxin G 2 (addition level II). The samples were considered not contaminated since no aflatoxin was detected when analysed under the conditions described previously in section 2.2.
The detection limits for the modified method were established for each kind of tomato product analyzed. On a TLC plate, 10 μl of sample extract were spotted and over these spots different aliquots of aflatoxins B 1 , B 2 , G 1 , and G 2 standards were spotted in order to achieve sample concentrations ranging from 2 to 20 μg/kg. The limit of detection was considered the last visible concentration of the aflatoxin fluorescence under UV light after the development with chloroform-acetone (9 + 1). 
Results and discussion
The method for the determination of aflatoxins B 1 , B 2 , G 1 , and G 2 in cereals and beans developed by Soares and RodriguezAmaya (1989) was optimized for tomato products. The evaluation of the method resulted in an average recovery of 86% for the two levels of addition of standards for all aflatoxins tested ( Table 2 ). The detection limit of each aflatoxin (Table 3) ranged from 2 to 7 µg/kg and from 8 to 23 µg/kg for total aflatoxins depending on the tomato product. None of the studies found in the literature on aflatoxin determination in tomato products were concerned about the optimization of the method nor did they present results for recovery tests. The detection limits for TLC analysis were lower than the values found in the present study, ranging from 1 to 10 µg/kg (GELOSA, 1983; MUTTI; DELLAPINA; SPOTTI, 1992) . Moreover, it is important to note that in the cited studies there was no description of the method used for the determination of the detection limits while here they were determined for each product individually according to the method described in the section 2.3.
No aflatoxins were detected in any of the 64 analysed samples of the tomato products, considering the detection limits of the applied method. During the period between 1979 and 1982, the Public Health Laboratory in Milan, Italy, analyzed 14 samples of tomato paste and 14 samples of canned tomatoes and found no aflatoxins (detection limit: 5-10 µg/kg). Furthermore, these same samples were found to be free from patulin and ochratoxin (GELOSA, 1983) . In another study also carried out in Italy, no aflatoxins were detected in 70 tomato products commercially avaiable: 40 of juices; 20 of pastes with 28% solids; and 10 of pastes with 36% solids (detection limit:1 µg/kg) (MUTTI; DELLAPINA; SPOTTI, 1992). On the other hand, on a survey of aflatoxin contamination between 2001 and 2002 in Nigeria, rotten tomatoes from 5 local markets were positive (detection limit not declared) for aflatoxin contamination even after autoclave treatment at 121 °C for 15 min (MUHAMMAD; SHEHU; AMUSA, 2004).
The presence of a toxigenic fungus in a foodstuff is not the only factor responsible for the toxin production since fungal growth and aflatoxin production are the consequence of interactions among the fungus, the host, and the environment. Other factors like the extent of the infection and proper conditions for toxin production such as temperature, water content, medium composition, and the absence of antagonistic microorganisms are also important aspects that lead to detectable amounts of toxin although the precise factors that initiates toxin formation has not been well understood yet (NORTHOLT; VANEGMOND; PAULSCH, 1977; TRUCKSESS; STOLOFF; MISLIVEC, 1988; KHEIRALLA; HASSANIN; AMRA, 1992; PITT; MISCAMBLE, 1995; RAMAKRISHNA; LACEY; SMITH, 1996; GOURAMA, 1997) . The fungus infeccion can be avoided in the field by the maintainance of the good agricultural practices. Therefore, the fruit selection and storage under proper conditions in the pre-processing stages are crucial in order to guarantee a final product free from toxins. Another important aspect of the mycotoxin production in foodstuff is the presence or absence of compounds that can inhibit the toxin synthesis. These compounds should be present at sufficient concentration to be able to be partial or completely effective. Tomatoes contain polyphenols (MARTÍNEZ-VALVERDE et al., 2002) , which might be able to suppress the synthesis of such toxins although the adequate inhibitory concentration of these compounds remain undetermined (MALLOZZI et al., 1996; HUA; GROSJEAN; BAKER, 1999) .
Conclusions
A method for aflatoxins determination in tomato products by thin layer chromatograph was optimized and an intralaboratory evaluation was carried out. Aflatoxins were not detected in any of the samples analyzed indicating that they did not pose risk to human health as far as the presence of aflatoxins is concerned. 
